During a study of the behavior of sera derived from patients with carcinoma it became obvious that with the so-called "carcinolytic reaction" consistent results were not to be obtained, although accumulating data but added to the conviction that such sera possess properties which, in their action on cancer cells, distinguish them from normal sera. Inability so to adjust a carcinoma cell-serumcomplement system that dependable readings based on cell counts could be obtained led to the application of various other possible technics in an effort to disclose some method which would make possible a differential test. Among these trials was that of sedimentation velocity under various conditions, the inference being that if the carcinoma serum lacked some specific factor present in normal serum and responsible, with the aid of complement, for lysis of the cancer cell, contact between this complemented serum and the cancer cell might well result in a medium with properties differing from those of a comparable medium derived from normal serum-complement-cancer cell mixtures, especially if the action of normal serum is truly lytic. Such a difference might be revealed by the rate at which erythrocytes, from the cancer patient or from normal blood, would sediment.
with malignant tumors sediment. Manifestly, the obvious procedure was to cross the tests,-to allow erythrocytes from the carcinoma patient to sediment through mixtures, one of which was derived from the homologous, the other from normal, serum; and to permit red cells of the normal person to settle through a mixture prepared from Ca-serum as well as through one made with the normal serum itself. Such tests showed, in the first place, that the red cell of either derivation did not sediment so fast or so far in the heterologous as in the homologous serum mixture, but despite a retardation common to both, the cells from the carcinoma patient fell less rapidly than did the normal cells. These results seemed to warrant further tests.
The present series consists of titrations made with 153 bloods from persons with a preliminary diagnosis of cancer of some type, or in whom such a diagnosis was considered, and with 247 bloods from patients in whom there was no particular reason to suspect cancer and hence could be considered normal in this respect. As will be pointed out later, all of those in the first group did not prove to show malignancy, and certainly those termed "normal" were, in fact, far from normal in many cases, although there may have been in this group no carcinoma patients.
In preparing the fluid medium through which the red cells were to sediment, mixtures were made as follows: 0.3 cc. of serum (Ca or Before use, the serum was inactivated at 560 C. for 15 min., and in the test was used undiluted in the quantity indicated. The erythrocytes were secured by placing the dot in a small piece of organdy in a Petri dish containing normal saline, and by means of a pipette attached to a rubber bulb the cells were washed out with gentle pressure. These were centrifuged and washed three times, the final material being a 25 per cent suspension made from packed cells. This percentage was adopted since heavier suspensions failed to give as clear-cut differences, and lighter ones tended to produce columns somewhat feathery at the top and more difficult to read. In the test the final cell suspension becomes 12.5 per cent.
Since in many instances the red cells were to be tested in mixtures containing sera other than the homologous one, it was essential to make all cross-tests within the blood group, in so far as the A -B antigens were concerned. Incidentally, it may be mentioned that there is some evidence that cells of the different blood groups may fall at slightly different rates, at least, through a medium of the type used in these tests. These differences do not, however, represent constant values. Complement. Only active guinea-pig complement was used. Determinations made to ascertain if titer were significant suggested that the hemolytic unit value of the complement was unimportant, provided a fair potency remained. Inactivation of the complement unmistakably modifies its properties and its behavior in the test; in general, sedimentation of both Ca and normal red cells is retarded in mixtures containing inactivated complement. In non-complemented mixtures less uniform and less consistent results are obtained. Titrations of complement, diluted with saline or with inactivated guinea-pig serum, failed to provide anything which might be regarded as a unit. Thus, although guinea-pig serum as active complement appears to be essential, the manner in which it acts is not clear.
Suspension of carcinoma cells. The cells used in all tests were prepared from the Twort tumor maintained in mice. The excised tumor was washed with saline (containing 10 per cent of a saturated solution of tricresol) by gentle pressure until a fairly heavy suspension of cells had been expressed through the organdy enclosing the tissue. These cells were centrifuged and washed twice. After the final suspension had been allowed to stand for approximately 2 hours to permit the masses to settle, the middle portion of the column was removed and used for preparing the mixtures, constituted, as stated above, of equal parts of this suspension, of the serum under test, and of complement. After a further 2-hour incubation period and centrifugation, the supernatant fluid served as the fluid phase in the sedimentation tests.
The tests were made in pipettes graduated in hundredths and specially selected by the manufacturer as to uniformity of bore,-approximately 1.5 mm. When filled to the zero mark with the test reagents, with the bottom of each pipette sealed, they were placed vertically and held at room temperature. Readings were made after intervals of 1, 2, and 19 hours. Under the conditions of the tests sedimentation was slow and differences in the early readings were slight. Consequently, the 19-hour reading was accepted as the value for comparison. Many attempts were made to modify the technic in such a way that a maximum difference between the carcinoma and normal bloods would be obtained. Extending the periods of incubation, varying the temperature, and adjusting the quantities used failed to improve upon the procedure here outlined.
It is important to point out the fact that in this series of tests there is no constant standard for comparison; indeed, all attempts at devising such a standard, suited to this work, met with little success. Since the serum of the patient, the complement, the red cells, and, above all, the Ca-cell suspensions used varied, no direct comparison of one group of tests with another is possible. The absolute values are, therefore, without significance and comparison of readings can only be made within the group where serum and red cell; are the only variables,-the serum in the initial incubation, the cells in the test for sedimentation.
Consideration of the datg presented in tabulated form below shows that the differences in sedimentation rates were not large. Further, it is evident that the bloods used as controls differ widely when they are compared with the value obtained on blood from a patient later shown to have cancer. Unfortunately, no data are available as to the range with bloods which might fairly be considered as normal, but it is evident that many of the non-cancerous bloods were far from normal. While the age of the patients providing the "normal" bloods is not in all cases given, it may be said that they were between 20 and 60 years, and that within this range no difference attributable to an age factor was detected. With neither the Ca nor the normal bloods did the presence of a positive Wassermann or Kahn reaction appear to be reflected in the sedimentation. The two cases of pernicious anemia whose bloods happened to be included in the series show the increase in sedimentation velocity described by other workers with simple sedimentation technics. While no large series of pregnancy bloods was tested, those examined appeared to behave much as did those of proved cases of cancer. remains that if any one of the materials of the system as here outlined is omitted the difference does not appear. No differences were evident in sedimentation through saline, or in any mixture in which the tumor cells had been left out. Although it is tempting to read into these facts evidence of some specific serologic change,-occurring with normal serum, lacking with Ca serum,--such may not be the case. It may be that the materials here used simply provide a medium through which, for purely mechanical reasons, sedimentation most readily takes place, with the Ca-erythrocyte falling more slowly.
The results of a few such cross-tests are here tabulated; the figures indicating the extent of sedimentation, in millimeters, of the two types of erythrocyte, Ca and normal, in mixtures prepared with their homologous sera.
While the irregularities in these results are sufficiently numerous to preclude definite condusions, the tendencies shown may be of significance. There can be no question but what sedimentation of the red cells from the Ca-blood tends to be either retarded or reduced, whatever the medium (prepared with Ca or with normal sera) through which they fall.
